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Demonstrates very good skills for employment requiring the exercise of personal responsibility and decision-making.

Vuli Nyathi


Exgriment
Simple Harmonic Motion

Task A

Exgriment 1 (part 1) Hooke's law

Abstract

The goal of this experiment was to determine Hooke’s Law for a mass connected to a spring
and then investigate the Simple harmonic motion {SHM) of the masson a spring. We will
find the spring constant in each case and compare the results.

Introduction

e

Hooke's Law i5 @ principle of physics that states that the force needed to extend or
compress a spring by some distance is proportional to that distance. The law is named after
17th century British physicist Robert Hooke, who sought to demonstrate the relationship
wetween the forces appliedto @ spring and its elasticity (Wilson & Hernandez-Hall, 2009). He
first stated the law in 1660 and then published the solutiloﬁ in 1678 "as the extension, SO the
force” or "the extension is proportional to the force” g/ﬂylor, 2005).

PROCEDURE y
/

{. Mount the spring so that it bangs vertically. Aftach a mass hanger or @ small mass and allow the
system to stretch to an cquilibrium state (hex=L situation in the figure).
v

unstretched length

Jr
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*3.

shown in the figure.

Add masses in units of about 100 gup 103 total of about 500 g. In each case, record the mass in
grams. Then calculate the weight (weight = mass times g) in Newton’s and record this amount.
Record the amount of stretch from your reference point in centimetres for each mass. Divide by

This will be your zero for measuremcnis.
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100 to convert the stretch length to meters and record in the table.

Plaoethcbcuomoftbcmmhangcor s:nal.-.-.mcscnﬁ!harefcrcnccpoimmamersucka.«s

T Massinkg Weight in Newton’s Stretch in cm —l Stretch in meters 1
(y-axis) (x-axis)
0 0 0 0
o 0.101 1 52.1 0.52
T 0.204 2 57.9 0.58
[ 0306 3 60.4 0.60
T 0.408 4 64.2 0.64
0506 5 69.3 l" 0.69
5 1 /




ing the data collected from the experiment a line graph was created (see attached)

rom the graph we can determine the spring constant, the following is Hooke’s law formula
for determining the spring constant of a spring:
F = -k*x

e Where F is the force (N)
o ks the spring constant (N/m)
« X is the displacement (m) (positive for displacement, negative for compression)

Hooke's Law states that the restoring force of a spring L&-dﬁcctly proportional to a small
displacement. In equation form, where x is the size pf/ the displacement. The proportionality
constant k is specific for cach spring (Lemer, 1996)
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i Bentley

Abstract - The goal of this experiment was to determine the effect of mass and length on the period
of oscillation of a simple pendulum, whilst varying the pendulum length for a fixed mass. The results
of this experiment are in close agreement with theory: mass had no measurable effect on the period
of our pendulum, while the data for period verses length is well-described by a power-law
relationship close to the theoretical square root dependence.

[ ' Pivot point ( P) |
Angle of pendulum |
with vertical = a !

Length of

string Y

/
s
/
”

Mass (M)

- Force of gravity

Introduction - For 2 pendulum swinging back and forth, the amount of time required to complete
one full swing is called the period. Galileo discovered that the period depends only on the length of
the pendulum and the acceleration due to grayi (Myers/,:éOOG). In fact, the period and the length of
the pendulum are related by a power function. In the experiment we will establish the relationship
between the period and the length of the pendulum tw/measuring the period for differing lengths.

Theory - A simple pendulum consists of a mass (m) hanging from a string of length (L) and fixed at a
pivot point (P). When displaced to an initial angle and released, the pendulum will swing back and
forth with periodic motion. The equations for a simple pendulum show how to find the frequency
and period of the motion. If the pendulum weight is pulled to a relatively small angle from the
vertical and let go, it will swing back and forth at a regular period and frequency. These
requirements allow for the equation to be relatively simple.

7= Zn\/—z
g
» Tisthe period in seconds (s)
e mw(Pl)3.14
¢ Lis the length of the string in meters
« gisthe acceleration due to gravity (9.8 m/s? on Earth)

g

(Baker & Blackburn, ,2605)

Pt

Period of oscillation, The swing of a pendulum is dependent on its length, acceleration
measured in g (9.81) and what angle the pendulum swings away from its horizontal axis
in 0%, which is described as amplitude. (Gallant, 2012)
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Abstract - The goal of this experiment was to determine the effect of mass and length on the period
of oscillation of a simple pendulum, whilst varying the pendulum length for a fixed mass. The results
of this experiment are in close agreement with theory: mass had no measurable effect on the period
of our pendulum, while the data for period verses length is well-described by a power-law
relationship close to the theoretical square root dependence.

1

Angle of pendulum |
\ with vertical » 2 ',‘

Length of

string :(L)

.'/ i
Ampitude /’/
~. ofswing=A
% i “56) Mass (M)
Motion of pendulum

v Force of gravity

Introduction - For a pendulum swinging back and forth, the amount of time required to complete
one full swing is called the period. Galileo discovered that the period depends only on the length of
the pendulum and the acceleration due to gram (Myers,/ﬁooe). In fact, the period and the length of
the pendulum are related by a power function. In the eg;beriment we will establish the relationship
between the period and the length of the pendulum by measuring the period for differing lengths.

Theory - A simple pendulum consists of a mass (m) hanging from a string of length (L) and fixed at 2
pivot point (P). When displaced to an initial angle and released, the pendulum will swing back and
forth with periodic motion. The equations for a simple pendulum show how to find the frequency
and period of the motion. If the pendulum weight is pulled to a relatively small angle from the
vertical and let go, it will swing back and forth at a regular period and frequency. These
requirements allow for the equation to be relatively simple.

&

e Tisthe period in seconds (s)

e w(P3.14

» Listhe length of the string in meters

» gisthe acceleration due to gravity (9.8 m/s? on Earth)

-

7
(Baker & Blackburn, 2005) v

Period of oscillation, The swing of a pendulum is dependent on its length, acceleration
measured in g (9.81) and what angle the pendulum swings away from its horizontal axis
in 0°, which is described as amplitude. (Gallant, 2012)



Apparatus - The apparatus for this cxperiment consists of a support stand with a string hook,
a small weight with a 44 cm length of light weight string, a meter stick, a protractor and a
stop walch.

Procedure

1%

2.

The simple pendulum is composed of a small weight suspended by a 44cm light string, which
was looped at the end and hooked over the string hook.

Prepare an Excel spreadsheet like the example shown in Figure 1. Start with the string at full
length of 0.44 m. The length of the simple pendulum is the distance from the point of
suspension to the centre of the weight. Measure the length of the string from the point of
suspension to the top of the weight using a meter stick.

Displace the pendulum 30° from its equilibrium position and let it swing back and forth.
Measure the total time that it takes to make 10 complete oscillations. Recording the time in
your spreadsheet. Decrease the length of the pendulum by about 0.11 m and repeat the
measurements made in the previous steps, until the length decreases to approximately 0.1 m.
Calculate the period of the oscillations for each length by dividing the total time by the number
of oscillations, which is 10. Record the values in the appropriate column of the data table.

(Figure 1)

Figure 1. Excel spreadsheet for recording and analysing data.

P 5.
Experiment 1 :
Length (M) | Time for 10 : Pariod (s) Theoratical Period (3) Angie”
0.63 1309 13X 133 o 100%
0.3 11.37 1.14 1.155 W 100z
022 08.275 .93 0.945 o 008
031 0862 086 067 W 100
Exparissent 2
| hsngth (M) Tie for 10 ozcisations Pedod ()] | Theoretical Period (s) Angle” M35 (R)
0.27 10.4: 1043 104y 3 50 p
0.2a S8 0.58s _0ses b 50%
020 9.1s 0915 0.897 0 S0y
)
016 B35 /| osts 0.805 0 05
= I 7 |




1 Bentley

RESULTS

In this experiment, we investigated the dependence of the period of a pendulum on two variables,
the mass of the weight and the length of the string. We followed the instructions and tried to keep
the amplitude constant for all the measurements so that it would not affect the result, because we
learned that in the case of a pendulum, large amplitude can change the period. We found that
changing the mass from 50 grams to 100 grams did not seem to have much effect on the period, so
we concluded that the period is independent of the mass. ./

In the case of changing the length of the string, we used strings from 0.11m to 0.44m long in
experiment 1 and strings lengths from 0.27m to 0.16m in experiment 2, between the point of
suspension and the centre of the bob. There was an uncertainty in the measured length because we
had to estimate the centre of the bob, and the point of suspension. We believe this error to have
been less than 10mm (or 0.01m), so for the 0.44m string, the uncertainty was only 0.01/0.44 =
0.02%, while for the shortest string, it was 0.01/0.11 = 0.09%. We assumed that the mass of the
string was negligible, compared to that of the bob. We measured the period using a stopwatch for
10 swings. It was difficult to accurately record a precise time, to better than 1 second. So, if 10
swings took 8 seconds, an error of one second would be 1/8 or 12.5%, which would be the largest
contributor to the error, If we had used 100 swings for each trial the error would be less but we did
not have sufficient time.

CONCLUSION

When we charted and made a trend line with Excel, the period was proportional to the length raised
to the 0.45 power. This is to be compared with the value in the text that states that the period is
proportional to the square root of the length (0.5 power). This is an error of about 105, which seems
reasonable, compared to the timing error. /

The experiment could be improved by using wire, which doesn’t stretch, instead of string, a greater
number of swings and perhaps a photogate timer to make very precise measurements of the period
time.

Experiment 1 !

0.8

Period (S)

Length (M)

/
-




1.2

Period (S)
- o >
= = o

o
V)

(ii)

Experiment 2

0.16 0.2 024 0.27
Length (M)

The period of oscillation of an ideal, simple pendulum depends on the length, L. of the
pendulum and the acceleration of gravity, g and is given by the following equation:

= 21n/£
g

Using the above equation, solve forg.

_ 4n?L

Is the period of a simple pendulum dependant on the mass?

The period for 3 simple pendulum does not depend on the mass or the initial angular displacement,
it depends only on the length of 9estrmg and the value of the gravitational field strength.




(iii) How long must a simple pendulum be to have a period of 1.5s?

L
T=2mV=
g
Firstly rearrange t© above equation forL
_Tg
T 4wl

One swing per 1.5 seconds means it takes 3 seconds for one complete oscillation
T 32298
T 4x314%
L=2.24M

(iv) Assuming you are safely located on the moon, and are provided with 2 simple pendulum,
stopwatch and 3 metre rule, is it possible to determine the acceleration due o gravity on

the moon using only these items?

Havign 2 pendulum with multiple masses and lengths, you are able to calculate the approximate

acceleration due to gravity on anywhere, including the moon.

f | WERE on the moon, | would use a mass attached to 2 length of string, elevate it and drop it to

measure its perioc.
Example,
I the period was 2.5 seconds, and | used a 0.25m length of string.

Rearange T = Zn\{g for g-

>0 az’L
- B Tz .

this gives me the calculation | need to calculate the acceleration, where;
T=2.5 and L=0.25

_ 47%(0.25m) g_9.9m /
2 o 2 :
(2'5 s) <0, 635 resulting in j/ 1.6m/s"2
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xperiment: Bending moment in Beams

Task A

&

stract

At any cross section of a material under load, there will be a shear and bending factor to
maintain equal forces, (equilibrium). A bending moment is when a structurg,is’." under load
from an external force or ‘moment’ is applied to it, causing the structure 10 try to
bend/shear (Kassimali, 2010) /

Objectives:

The aim of the experiment is to comprehend the action of moment of resistance in a beam and to
measure the bending moment at the normal section of a loaded beam and to check its agreement
with theory.

Introduction

A bending moment (BM) is 2 measure of the bending effect that can occur when an external force
{or moment) is applied to a structural element. This concept is important in nrumr?t"engineering as
it is can be used to calculate where, and how much bending may occur when forces/are applied.

The most common structural element that is subject to bending moments is the beam, which may
bend when loaded at any point along its length.

Failure can occur due to bending when the tensile stress exerted by'a force is equivalent to or
greater than the ultimate strength (or yield stress) of the element. However, although the
mechanisms are different, a beam may fail due to shear forces before failure in bending.

if a beam is not well-restrained, a bending force may cause it t.o "rotate about a pivot point.

To calculate the bending moment, the magnitude of the fo;fe is multiplied by the distance of the

force from the point of support. (Megson, 1996) /

-

Equipment used

To carry out the experiment we used a Beam with cut section, joined with a Newton meter (spring
load gauge) which was set upon 2 pivot points, 3 load hangers and various weights. We measured
with a meter rule.

Procedure

The beam was set upon the pivot points and the spring load gauge was adjusted until the beam was
level and the gauge read zero. Then Measurements were taken, the full span of the beam, the
measurements from the end of the beam to each pivot point, the measurements from the end of
the beam to each of the load hangars and the measurement from the centre of the beam to the
spring load gauge. A mass was then applied to each of the load hangars causing the beam to sag.
Using the spring load gauge the beam was brought back to its horizontal and a reading was taking
from the spring load'gauge. The experiment was repeated with different loads being added to the
load hangars. :
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i of bending moment riment including dimensions and masses
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- Observations
To gain more accurate results, the environment and equipment used to carry out the experiment
could have been improved. The work surface was sturdy but not level, the beam was set up without
the use of a sprit level. The weights used were taken at face value and not accurately weighed. The
distance between weights were recorded with a meter rule, to obtain a more accurate
measurement a Vernier czalliper could have been used. Time was also an issue, the experiment was
carried by a large group and there was only 2 limited time available on the apparatus before the next
person had to use and record their results. ./

Conclusion

Observing the table and graph of results from the 2 experiments it shows that the Bending moments
(N/MM) are double when the weight was doubled

Results

RA + RB = 20N

5x110mm + 10 x 560mm + 5 x 800mm = RB x 870mm
S550NM + 5600 NM + 4000 NM + + RB x 870mm
10150 + RB x 870mm /

RB =12
RB = 11.6 NM
RA+11.6=20
RA=8.4N

RB=116N

Shear force
Shear force @ A=8.4

Shear force @ B=84-5=34
Shearforce @ C=3.4-10=-6.6

Shear force @ D=-6.6-5=-11.6 |
Shear force @ E=11.6 +11.6=0 '

(See attached shear force diagram) )
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Bending Moment

Bending moment @ A = -8.4N x 30mm = -252

Bending moment @ B = 5N x 140mm = 700

Bending moment @ C = 10N x 590mm= 5900

Bending moment @ D=5Nx 830mm = 4150

Bending moment @ E = -11.6N x 900mm = -10440

(See attached Bending moments diagram)

(i)

{iii)

/

Did the bending moment double when the load was double in part 1 of the experiry’ent?

Observing the table and graph of results from the 2 experiments it shows that
Bending moments (N/MM) are double when the weight was doubled

Compute the average figure which expresses the comparison between the experiment
and the theoretical bending mor!,\enm (use either ratio or a percentage error)

Did the experiment verify the theory?
9
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